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INTRODUCTION 
The morphological structures known as mycorrhizae have 
been studied by a comparatively few botanical scientists for 
the last 80 years. During that time some 800 to 1000 research 
reports and review articles about these structures have been 
published. 
The occurrence of mycorrhizae is so frequent and wide­
spread that their presence in the root systems of many plants 
must now be considered the rule rather than the exception. My­
corrhizae occur in plants of most if not all families of the 
conifers and angiosperms. 
That many of the mycorrhizal associations of higher plant 
and fungus are mutualistic is rarely questioned today. Numer­
ous reliable studies have shown the importance of mycorrhizae 
to the nutrition of the higher plant. Likewise there are strong 
indications that many of the mycorrhizal fungi do not grow well 
vegetatively and/or will not fruit in the absence of their higher 
plant host. 
It would be reasonable to expect that a phenomenon so wide­
spread in occurrence, of such apparent demonstrable importance, 
and under study for such a lengthy period would have much known 
about it. Yet if only the known facts about mycorrhizae were 
written into a book, it would be a small book indeed. The 
reasons become obvious as one looks closely at the situation. 
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Mycorrhizae are subterranean. They are therefore extremely 
difficult to study especially from a develoDmental viewpoint. 
The rhizosphere contains a complex community of microorganisms, 
any one or all of which may be interacting to influence the 
formation and function of mycorrhizae. Thus it becomes extreme­
ly difficult to simulate natural conditions in the laboratory 
or to relate laboratory findings to what may actually be happen­
ing in the field. 
The fungi themselves present unique problems. Many of the 
mycorrhizal fungi are Homobasidiomycetes, a number of which are 
very difficult to obtain in pure culture» Only occasionally 
will one of these fungi fruit in culture. Thus cultures iso­
lated from roots can rarely be identified. Isolates from mush­
room sporophores are sometimes successful, but at best the per­
centage of isolation is low» These problems make it extremely 
difficult to carry out Koch's postulates v/bich, in the final 
analysis, is the only positive means of demonstrating potential 
mycorrhizal association between a fungus species and a higher 
plant species. 
The techniques used in the study of mycorrhizae are in 
need of refinement. Much basic work remains to be carried out 
to build a firm foundation for more advanced studies in my­
corrhizal formation and function. One critical area is the 
identification of the fungal partners in a mycorrhizal relation­
ship. The study described in this thesis was undertaken in an 
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effort to identify the fungal partners in the mycorrhizac of 
white oak, Quercus alba L. The white oak was chosen because 
of its importance as a commercial lumber tree and its widespread 
occurrence as a dominant or co-dominant tree in forest stands 
throughout the midwest. Also, the western limits of the range 
of white oak are found in Iowa. Thus the study was carried out 
in an area where the range of the mycorrhizal fungi of white 
oak may approximate the range of its tree host, and where the 
establishment and survival of the proper fungi may be tantamount 
to the establishment and survival of white oak. 
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LITERATURE REVIEW 
Examples of recent, excellent reviews (Kelley, 1951 ; 
Harley, 1959; Melin, 1953; Slankis, I960; Dominik, 1962; 
Shemakhanova, 1962) are available for students of mycorrhizae. 
Kelley (1937, 1941, 1942, 1943, 1944, 1945, 1947) provides ex­
cellent abstracts of the literature of mycorrhizae. 
Unquestionably A. B. Frank must be considered the father 
of mycorrhizal research. In an early report Frank (1885) first 
used the term "mycorrhizae". Though opposed by Robert Hartig 
(1888), Prank championed the theory of a nutritional relation­
ship between the fungus and higher plant occurring through the 
mycorrhizae, and described and coined the terms "ectotrophic" 
and "endotrophic" mycorrhizae (1887). 
There is little doubt that a mutualistic nutritional re­
lationship does exist in the ectotrophic mycorrhizae of forest 
trees. A series of experiments (Melin and Nilsson, 1950, 1952, 
1953, 1955, 1958; Melin, Nilsson, and Hacskaylo, 1958) has 
demonstrated the movement of materials from the mycelium of the 
fungus to seedlings of higher plants. Other research (Melin 
and Nilsson, 1957) indicated that labeled photosynthate 
was translocated from the tree seedling to the fungal associate. 
With the question of mutualism in the ectotrophic tree 
mycorrhizae now resolved, researchers in recent years have 
focused their attention upon other perplexing problems. Work 
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is beiag conducted upon mycorrhizal fungi that are antagonistic 
to other soil organisms (Manka, 1960; Santoro and Casida, 
1962); and upon the production of auxins by mycorrhizal fungi 
along with the effect of these auxins upon the morphology of 
the root system (Slankis, 1950, 1960; Ulrich, 1960a, 1960b)« 
Recently a new classification scheme for ectotrophic mycor-
rhizae has been devised based upon morphological and anatomical 
characteristics (Dominik, 1959). 
Though not a new area of mycorrhizal research, the aspect 
of fungal identification in a mycorrhiza has been the object 
of renewed interest in recent years. An extremely valuable paper 
by Trappe (1962) provides recent, up-dated lists of reported 
fungus-host associations in the ectotrophic mycorrhizae of for­
est trees. 
Three methods are commonly used to identify the fungal 
partner in a mycorrhizal association (Laing, 1932). The first 
method involves isolating the fungus directly from a mycorrhiza 
and growing it in culture until fruiting bodies are formed by 
which the fungus can be identified- The second method is to 
grow pure cultures of the fungi found fruiting in the vicinity 
of the roots of a specific tree. The ability of the hyphae to 
induce my-orrhiza formation is tested by inoculation of the 
same or other tree roots. The cultures are obtained from 
spores or bits of trama. The third method involves tracing 
the connection between tree roots and the fruiting bodies of 
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fungi in their neighborhood. The last two methods have to their 
credit the evidence that many mycorrhizal fungi fruit only in 
the presence of the roots of their tree host (Roraell, 1938). 
There are certain disadvantages to each of these three 
methods. The first method is considered the most desirable. 
Conceptually, it involves the least amount of effort and pro­
vides the most information as to what fungal associates are in­
volved in the formation of mycorrhizae in the field. However, 
the isolation of fungi from mycorrhizae is no easy task. Care­
ful techniques are required to achieve surface sterilization, 
but contamination will occur with the best of techniques. 
Reasonable successes have been reported (Zak and Bryan, 1963; 
Stanescu, e^ » I960). It must be remembered that many 
Basidiomycetes are extremely difficult to culture; thus the 
failure to isolate a fungus from a mycorrhiza does not neces­
sarily indicate its absence from the structure. Another prob­
lem arises in obtaining fruiting structures in culture. Rarely 
has the fruiting of mycorrhizal fungi in cultures been reported 
(Pantidou, 1962). 
The method of obtaining cultures from the fruiting bodies 
of fungi in the vicinity of tree roots and demonstrating mycor­
rhizal association through inoculation tests is satisfactory for 
determining mutualistic potential. The satiie problem of obtain­
ing Basidiomycetes in culture is encountered as in the previous 
method. Recent reports indicate that the best results are ob­
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tained by using bits of tramai tissue as the source of inocu­
lum (Sobotka, 1954; Bryan and Zak, 1961). Spore cultures are 
also possible (Bokor, 1954). 
Having once obtained a suspected mycorrhizal fungus in 
culture, an attempt is made to determine its potential as a 
mutualistic partner. This determination is achieved by obtain­
ing a seedling of the desired tree species in an aseptic environ 
ment, inoculating the seedling roots with a pure culture of the 
fungus, and observing the result at a later date. A number of 
mycorrhizal fungi grow very slowly in culture making it diffi­
cult to obtain sufficient inoculum for the desired tests. For­
tunately a method has been devised for obtaining increased 
vegetative growth in culture which works successfully with some 
of the mycorrhizal fungi (Santoro and Casida, 1959). 
A variety of culture chambers have been devised to achieve 
an aseptic environment for testing potential mutualism. Melin 
(1930) used a double glass flask, one containing the seedling 
and fungus, the other containing a stock of nutrient solution. 
The two were connected by a smelted glass tube. Hatch (1934a) 
devised an elaborate culture chamber that was designed to 
utilize in excess of 40 percent sunlight; maintain normal tem­
peratures, humidities, and gas concentrations; change nutrient 
solutions and substrate air at short intervals; and exclude con­
taminating organisms over long periods of time. More recently 
Hacskaylo (1953) has achieved satisfactory results using two-
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liter erlenmeyer flasks with Terra Lit^ as the solid medium 
to which a nutrient solution is added. Mikola (1955) has pro­
duced myeorrhizae on conifer seedlings grown in aerated hydro­
ponics using a variety of inoculation techniques. 
The most commonly used but least accurate method of fungal 
identification is to trace the connection between the fungal 
fruiting body and the mycorrhiza. Mangin (1899) stated that 
demonstration of such a continuity would not constitute proof 
that the fungus of the fruiting boc'y was the fungus of the my­
corrhiza» However Masui (1927) used the connection as definite 
proof of fungal identification and listed 11 associations on 
this basis. He later confirmed three of the associations by 
the second method. 
In an effort to learn whether the hyphal connection be­
tween the fungal fruiting body and the mycorrhiza did constitute 
a real connection with the interior of the roots, McArdle (1930) 
attempted to trace the fungal hyphae into the interior of the 
roots. The attempted tracings failed. McArdle thereafter listed 
fungal species with hyphal connections to tree roots only as 
suspects. 
One of the more ardent advocates of this field observation 
method is Trappe who has reported numerous probable mycorrhizal 
associations in the Pacific Northwest (1957, I960, 1961, 1963), 
Before reporting a fungal species as probably mycorrhisal, 
Trappe requires that it belong to a genus considered to be con­
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sistently mycorrhiza-forming; or, if the mycorrhizal status of 
the genus is not known, the fungus must be a species already 
proved to be mycorrhiza-forming. He further requires that the 
sporocarps be near the roots of a tree known to form ectotrophic 
mycorrhiza, with ao possibility of roots of another host species 
being present (1960). This latter requirement is very difficult 
to fulfill in any except pure stand situations. Thus though 
advocating the nsp r\f this method. Trappe would have us be 
aware of its limitations and to consider the fungal species so 
identified only as probable mycorrhizal associates. 
Much of the research on ^he ectotrophic mycorrhizae of 
forest trees has been focused upon the forms occurring upon 
conifers. Among the hardwoods two genera, Facus and Quercus, 
have been studied more fully than tie ethers. The knowledge of 
the association of fungi with the roots of oak is very old. 
Theophrastus noted that fungi grew from or beside the roots of 
oak (c. 372 B»C.-287 B.C.). Boudiez (1876) described the inti­
mate association of the roots of oak with the mycelia of species 
of Elaphoayces. The first clear-cut report of mycorrhiza on an 
oak was by Noack (1889) who reported Cortinarius fulmineus as 
mycorrhizal on oak. 
Since the turn of the century, a number of publications 
have appeared reporting mycorrhizae on oak species without giv­
ing any clue as to th3 fungal species that were involved (Table 
1). All of the papers reported ectotrophic mycorrhizae with 
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Table 1. Reports of mycorrhizae upon Quercus spp. excluding 
Quercus alba L« 
Oak species Report 
Quercus spp. 
Q.' bicolor 
Q.. coccinea 
durata 
â* faginea 
ilicifolia 
â* macrocarpa 
palustris 
rubra 
robur 
stellata 
suber 
Û* velutina 
Mangin, 1910 
Doak, 1927 
Henry, 1932, 1934 
Cooper, 1922 
Dos Santos, 1951b 
Henry, 1934 
Lohman, 192b 
Doak, 1927 
Doak, 1927 
Dutiiie and Matthew, 1908 
McDougall, 1914 
Henry? 1933 
Engler, 1903 
Paulson, 1924 
Dos Santos, 1951b 
Henry, 1934 
Dos Santos, 1951b 
Duthie and Matthew, 1908 
McDougall, 1914 
Henry, 1932, 1933, 1934 
one exception (Henry, 1933) which reported Ç^. rubra as possess­
ing ectendotrophic mycorrhiza. 
A sizeable list of fungal species associated with oaks has 
accumulated (Table 2). Included are some 27 associations not 
?able 2. Reported mycorrhizal fungal specie; 
Quercus alba 
and their oak partners, excluding 
Oak species 
Quercus spp. 
spp. 
2* spp. 
Q_. spp. 
spp. 
Q,. spp. 
9.' spp. 
Q. spp. 
Q,. spp. 
Q, spp. 
0. spp. 
ii. spp. 
S>. spp. 
Fungal species' Report 
Amanita caesaria 
A, cifcrina 
A. gemmata 
A. muscaFia 
A. pantherina 
A. phalloides 
A. rubescens 
A. spissa 
A. strobxliformis 
A. vaginata 
A. vittadinii 
Boletus appendiculatus 
B. edulis 
Becker, 1956 
Heim, 1957 
Kalmar, 1954 
Kalmar, 1950, 1954 
Kalmar, 1950 
Kalmar, 1954 
Bokor, 1958 
Kalmar, 1950, 1954 
Chastukhin, 1950, 1952 
Kalmar, 1950, 1954 
Lidl, 1939 
Moser, 1958 
Ulbrich, 1937 
Boko::, 1958 
Kalmar, 1950, 1954 
Krangaus, 1955 
Runov, 1955 
Shemakhanova, 1961 
Kalmar, 1954 
Becker, 1956 
Kalmar, 1950, 1954 
Bokor, 1958 
Heim, 1957 
Kalmar, 1954 
Zerova, 1956a 
Kalmar, 1954 
Bokor, 1958 
Chastukhin, 1952, 1955 
Gnutenko and Pankova, 1955 
^In general, nomenclature of Hymenoraycetes follows Singer (1949); of the 
Gasceromycetes, Sm^th (1951) 
Table 2. Continued 
Oak species Fungal species 
spp, (continued) B. edulis 
Q." spp. B. erythropus 
spp. B. frostii 
2" spp. B. impolit'us 
0.» spp. B. inedulis 
Ç^. spp. B. luridus" 
Q, spp. B. radicans 
spp. B. regius 
spp. B. rhodoxanthus 
Report 
Kalmar, 1950, 1954 
Khokhryakov, 1956 
Morochkovsky and Radziyevsky, 1950 
Runov, 1955 
Seiffert, 1953 
Shemakhanova, 1961 
Shvartsman, 1958 
Voznyakovskaya, 1952 
Zeman, 1955 
Kalmar, 1954 
Ulbrich, 1937 
Vasilkov, 1955 
Pennington,, 1917 
Kalmar, 19 54 
Krangaus, 1955 
Mackû and Skalnik, 1961 
Vasilkov, 1955 
Vlasov, 1955 
Vasileva, 1959 
Bokor, 1958 
Chastukhin, 1952 
Gnutenko and Pankova, 1955 
Kalmar, 1950, 1954 
Lidl, 1939 
Ulbrich, 1937 
Vasilkov, 1955 
Voznyakovskaya, 1952 
Vasilkov, 1955 
Kalmar, 1954 
Kalmar, 1954 
Pennington, 1917 
Table 2. Continued 
Oak species Fungal species 
spp, B, rubellus 
Q.* spp. B. speciosus 
spp. Calodon velutinus 
spp. Cantharellus cibarius 
spp. C. tubaeformis 
spp. Cenococcum graniforme 
Q^. spp. Clavariadelphus fistulosus 
2» spp. Cliotpilus primulus 
spp. Cortinarius alboviolaceus 
spp. C. anomalus 
Q.» spp. C. armeniacus 
2. spp. C. bolaris 
spp. C. brunneus 
spp. C. bulliafdii 
spp. C. caerulescens 
spp. C. cinnamomeus~ 
spp. C. collinitus 
2- spp. C. fulgens 
spp. C. hinnuleus 
Q^o spp. C. infractus 
a. spp. Co largus 
Report 
Kalmar, 1954 
Novogrudsky, 1949 
Becker, 1956 
Becker, 1956 
Kalmar, 1954 
Becker, 1956 
Aleskovsky, 1954 
Chastukhin, 1954 
Frank, 1885 
Gorbunova, 1955 
Hatch, 1934b 
Rayner and Levisohn, 1941 
Sheraakhanova, 1956 oj 
Ulbrich, 1937 
Becker, 1956 
Vasilkov, 1955 
Kalmar, 1954 
Kalmar, 1954 
Kauffman, 1906 
Kalmar, 1954 
Kalmar, 1954 
Kalmar, 1954 
Kalmar, 1950, 1954 
Bokor, 1958 
Kalmar, 1954 
Chastukhin, 1952 
Vasilkov, 1955 
Chastukhin, 1952 
Kalmar, 1954 
Vasilkov, 1955 
Kalmar, 1954 
Table 2, Continued 
Oak species Fungal species 
Q,» 8pp. Ç. multiformis 
spp. C. orichalceus 
2* spp. Ç. prasinus 
spp. C. squamulosus 
spp. C. subferrugineus 
spp. C. torvus 
Q, spp. Craterellus cornucopioides 
Û® spp. Blaphomvces granulatus 
spp. Gyroporus castaneus 
Q. spp. Hebeioma*crustuliniforme 
spp' Helvella crispa 
2* spp. Hvgroph<7rus arbustivus 
0. spp. H. conicus 
§• spp. H. eburiieus 
Q, spp. H. limacinus 
2. spp., H. oiivaceoalbus 
spp« H. penarius 
Q. spp. H. russula 
Q, spp- Inocybe fastigiata 
Q. spp. I. geophvlla 
spp. umbrina' 
Repoirt 
Kalmdr, 1950, 1954 
Kalm6r, 1954 
Kalmar, 1954 
Kauffman, 1906 
Kalmàr, 1954 
Kalmar, 1950, 1954 
Ulbrich, 1937 
Boullard ard Moreau, 1962 
Vasilkov, 1955 
Akhromeyko, I960 
Kalmar, 1950 
Kliushnik, 1952 
Krangaus, 1955 
Shemakhanova, 1956, 1961 
Vlasov, 1955 
Zerova, 1955 
Zerova and Bfimova, 1953 
Zerova and Vorobyov, 1952 
Ulbrich, 1937 
Kalmâr, 1954 
Chastukhin, 1952 
Kalmar, 1950, 1954 
Vasilkov, 1955 
Kalmar, 1950, 1954 
Heim, 1957 
Becker, 1956 
Heim, 1957 
Chastukhin, 1954 
Kalmar, 1950 
Chastukhin, 1952 
Chastukhin, 1952 
Table 2. Continued 
Oak species Punga] species Report 
2-
a. 
spp. 
s pp. 
spp, 
spp. 
2. spp. 
g. spp. 
2* spp. 
2' spp. 
Q,. spp. 
§. spp. 
Q. spp. 
2' spp. 
g. spp. 
2» spp. 
n. spp. 
2" "pp. 
spp. 
spp. 
spp. 
spp. 
spp. 
spp. 
spp. 
spp. 
2. 
i; 
2-
2-
2-
2. 
2. 
2- spp. 
Lactarius aspideus 
L. aurantiacus 
L. blennius 
L. camphoratus 
L. chrysorrheus 
L. decipiens 
L. fuliginosus 
L. irtsulsus 
L. necator 
L. piperatus 
L. pyrogalus 
L. quietus 
L. subdulcis 
L. vellereus 
L. volemu's 
Leccinum aurantiacum 
L. chromapes 
L. nigrescens 
L. scabrum 
Lepista personata 
Lycoperdon gemmaturn 
Macrolepiota procera 
Melanoleuca grammopedia 
Paxillus griseotomentosus 
P. involutus 
Kalmar, 1954 
Kalmar, 1954 
Kalmar, 1954 
Kalmar, 1954 
Kalmar, 1950, 1954 
Kalmâr, 1954 
Kalmâr, 1954 
Kalmar, 1954 
Khokhryakov, 1956 
Vasilkov, 1955 
Zerova, 1953, 1955 
Zerova and Efimova, 1953 
Gnutenko and Pankova, 1955 
Kalmar, 1954 
Khokhryakov, 1956 
Vasilkov, 1955 
Kalmar, 1954 
Kalmar, 1950, 1954 
Kraft, 1953 
Vasilkov, 1955 
Kaltrar, %V5C, 1954 
Kalmar, 1950, 1934 
Khokhryakov, 1956 
Vasilkov, 1956 
Pennington, 191? 
Schieferdecker, 1955 
Bokor, 1958 
Zerova, 1956b 
Eliushnik, 1951 
Krangaus, 1955 
Chastukhin, 1952 
Zerova and Vorobyov, 1950 
Kalmar, 1950 
Table 2. Continued 
Oak species Fungal species 
Q. spp. Pisolithus tinctorius 
g. spp. Porphytellus"gracili8 
g, spp. Ramaria flava 
Q, spp. Rhodophyllus"'sinuatus 
Q,. spp. Russuia adusta 
spp. R. alutacea 
g. spp. R. amoena 
2* spp. R. atropurpurea 
Q. spp. R. aurata 
~ spp. R. bruoneoviolacea 
spp. R. chrysodacryon 
spp. R. cvanoxantha 
Q,. spp. R. delicti 
g_. spp. R. densifolia 
2* spp. R. ernetica 
2. spp. R. foetens 
2,* spp. R. furcata 
2. spp. R. lepida 
Q.« spp. R. lutea 
Q^ . spp. R. luteotacta 
spp. R. nauseosa 
Report 
Kliushnik, 1952 
Pennington, 1917 
Becker, 1956 
Becker, 1956 
Kalmar, 1954 
Kalm^r, 1950, 1954 
Bokor, 1958 
Kalmar, 1950, 1954 
Kalmar, 1954 
Skirgiello, 1951 
Bokor, 1958 
Bokor, 1958 
Kalmar, 1950, 1954 
VasiLlkov, 1955 
Kalmar, 1950 
Skirgiello, 1951 
Bokor, 1958 
Kalmar, 1954 
Chastukhin, 1952 
Kalmar, 1950, 1954 
Vasilkov, 1955 
Kalmar, 1950, 1954 
Lidl, 1939 
Bokor, 1958 
Kalmar, 1950, 1954 
Bokor, 1958 
Kalmar, 1954 
Vasilkov, 1955 
Kalmar, 1954 
Kalmar, 1954 
Table 2. Continued 
Oak species Fungal species 
.Q. spp. 
q. spp. 
spp. 
spp. 
Q. spp. (!• spp,. 
a- spp. 
a- spp. 
g. spp. 
R. nigricans 
R. pectxnata 
R, polychroma 
R. sanguinea 
R. schiffn^ri 
smara^cfina 
ÏÏ. sororia 
vesca 
R. virescens 
Q. spp. R. xerampelina 
Q.» spp. Scleroderma aurant 
Q. spp. S. verrucosum 
a. 
,Q-
5pp. Suillus bovinus 
3pp. S. rubinus 
5pp. _S. variegatus 
5pp. Tricholoma album 
Report 
Kalmar, 1954 
Kalmàr, 1954 
Vasilkov, 1955 
Kalmar, 1954 
Kalmar, 1954 
Vasilkov, 1955 
Kalmar, 1954 
Kalmar, 1950, 1954 
Lidl, 1939 
Kalmar, 1950, 1954 
Lidl, 1939 
Vasilkov, 1955 
Chastukhin, 1952 
Kalmar, 1954 
Vasilkov, 1955 
Bokor, 1958 
Chastukhin, 1952 
Kliushnik, 1952 
Zerova, 1955 
Zerova and Vorobyov, 1950 
Runov, 1955 
Shvartsman, 1958 
Vlasov, 1955 
Zerova and Efimova, 1953 
Zerova and Vorobyov, 1952 
Krangaus, 1955 
Macka and Skalnik, 1961 
Gnutenko and Pankova, 1955 
Chastukhin, 1952 
Kalmâr, 1950 
Table 2. Continued 
Oak species Fungal species 
2* spp. T. columbetta 
spp. T. lascivum 
spp. T. scalpt.uratum 
spp. To se.iunctum 
Q. spp. To sulphureuro 
q. spp. Tuber aer.tivum 
spp. T. brumalg 
spp. T. malanosporum 
Q,» spp. Tylopilus tabacinus 
q. spp. Xerocomus badius 
5. spp. X. chrvs¥nteron 
q. spp. X. pulverulentus 
spp. X, spadiceus 
q. spp. X. subtomentosus 
q. agrifolia 
q. baronii 
q. breweri 
Cenococcum graniforme 
Amanita caesaria 
Cenococcum graniforme 
Report 
Becker, 1956 
Heira, 1957 
Kliusnik, 1952 
Vasilkov, 1955 
Becker, 1956 
Chastukhin, 1952 
Kalmar, 1950 
Ulbrich, 1937 
Khokhryakov, 1956 
Khokhryakov, 1956 
Gaignebet, 1923 
Lube1ska, 1953 
Pennington, 1917 
Kalmar, 1954 
Kalmàr, 1950, 1954 
Ulbrich, 1937 
Vasilkov, 1955 
Bokor, 1958 
Chastukhin, 1950, 1953, 1955 
Kalmar, 1954 
Mishustin and Pushkinskaya, 1961 
Runov, 1955 
Shemakhanova, 1961 
Vasilkov, 1955 
Voznyakovskaya, 1952 
Trappe, 1962 
Kraft, 1956 
Trappe, 1962 
Table 2. Continued 
Oak species Fungal species 
C^ . chrysolepis 
Columbiana 
Û* Columbiana 
C^. Columbiana 
Qe Columbiana 
c Columbiana 
. Columbiana 
. Columbiana 
Columbiana 
Columbiana 
Columbiana 
f aginea 
S' faginea 
a- ^aginea 
0.» faginea 
Q,* faginea 
2- faginea 
a- taginea 
2* taginea 
(%. falcata 
S* garryana 
a* glandulifera 
Cenococcum graniforme 
Amanita inaurata 
Cortinarius boyacenis 
Craterellus boyacensis 
Inocybe jalapensis 
Lactarfus querciuni 
Russula boyacensis 
R. Columbiana ~ 
R. emetica s. sp.laclistris 
R. humboldtii 
R. idraboi 
Amanita caesaria 
A. pantherina 
A. phalloïdes 
Boletus edulis 
Cenococcum graniforme 
LactariUs thejogalus 
Macrole'^ota procera 
Russula rubra 
Cenococcum graniforme 
Cenococcum graniforme 
Armillaria mellea 
humboldtii 
a* humboldtii 
Amanita inaurata 
Cortinarius boyacensis 
Report 
Trappe, 1962 
Singer, 1963 
Singer, 1963 
Singer, 1963 
Singer, 1963 
Singer, 1963 
Singer, 1963 
Singer, 1963 
Singer, 1963 
Singer, 1963 
Singer, 1963 
Dos Santos, 19,57 
Dos Santos, 1957 
Dos Santos, 1957 
Dos Santos, 1957 
Dos Santos, 1957 
Dos Santos, 1957 
Dos Santos, 1957 
Dos Santos, 1957 
Trappe, 1962 
Trappe, 1962 
Kusano, 1911 
Singer, 1963 
Singer, 1963 
Table 2. Continued 
Oak species Fungal species 
Q. humboldtii 
R* humboldtii 
humboldtii 
Q. humboldtii 
4* humboldtii 
humboldtii 
Q. humboldtii 
g, humboldtii 
2* ilex 
g. ilex 
S* kelloeeii 
9.' laevis 
Q.' liaotungensis 
S* lusitanica 
Q.' macrocarpa 
minima 
minima 
Q.. moreha 
Û* oblongifolia 
£>. Dausidentata 
Craterellus boyacensis 
Inocybe jalapensis 
Lactarius quercium 
Russula boyacensis 
R. Columbiana 
E* gpietica s» sp«lacHstris 
Ro humboldtii 
R. idraboi" 
Amanita phalloides 
Leccinum corsicum 
Cenococcum graniforme 
Cenococcum graniforme 
Amanita caesaria 
Amanita caesaria 
Cenococcum graniforme 
Leccinum chalybaeum 
Porphyrellus subflavidus 
Cenococcum graniforme 
Cenococcum graniforme 
Boletus sp. 
Singer, 1963 
Singer, 1963 
Singer, 1963 
Singer, 1963 
Singer, 1963 
Singer, 1963 
Singer, 1963 
Singer, 1963 
Herter, 1934 
Takacs, 1961 
Barsali, 1922 
Trappe, 1962 
Trappe, 1962 
Kraft, 1956 
Kraft, 1956 
Trappe, 1962 
Singer, 1945 
Singer, 1945 
Trappe, 1962 
Trappe, 1962 
Masui, 1926 
Table 2. Continued 
Oak species Fungal species 
<2* petraea Amanita caesaria 
petraea Cenococcum granilforine 
2-
2-
9.' 
pubescens Amanita caesaria 
pyrenaica Amanita caesaria 
robur 
robur 
robur 
Amanita caesaria 
A. citrina 
A. pantherina 
robur A. phalloides 
robur 
robur 
2» robur 
A. rubescens 
A. strobiliformis 
A. vaginata ' 
9.* fobuz Boletus edulis 
robur Cantharellus cibarius 
robur Cenococcum graniforme 
Report 
Kraft, 1956 
Dominik, 1957 
Trappe, 1962 
Wojciechowska, I960 
Trappe, 1962 
Kraft, 1956 
Kraft, 1956 
Kraft, 1956 
Peyronel, 1922a 
Sobotka, 1956 
Zerova, 1950a 
Parrot, 1959 
Takacs, 1961 
Parrot, 1959 
Parrot, 1959 
Parrot, 1959 
Shvartsman and Leonova, 1955 
Barsali, 1922 
Becker, 1956 
Shvartsman and Leonova, 1955 
Sobotka, 1956 
Zerova, 1950a 
Sobotka, 1955 
Boullard and Dominik, 1958 
Dominik, 1957, 1961 
Dominik and Boullard, 1961 
Dominik and Pachlewski, 1955 
Table 2. Coatinued 
Oak species Fungal species 
robur (continued) Cenoccccum graniforme 
I 
I 
robur 
robur 
robur 
robur 
robur 
robuT 
robur 
robur 
robur 
robur 
robur 
robur 
robur 
robur 
robur 
Cortinarius fulmineus 
Hygrophorus penarius" 
Inocybe rimosa 
Laccaria amethystina 
Lactarius insulsus 
L. piperatus 
E. quietus 
L. subdulcis 
L» volemus 
Leccinum scabrum 
Rhodophyllus prunuloides 
Russula cyanoxantha 
R. felfea 
R. paludosa 
Scleroderma aurantium 
S» fobur 
robur 
S* robur 
2.- robur 
9.- rubra 
S* rubra 
Q. rM^ 
0. -•'bra 
S. verrucosum 
Tuber magnatum 
Tylopilus felleus 
XerocoiTiUS badius 
Cenococcum graniforme 
Clitocybecandic^^s 
Cortinari un ul: r ja 5 
Rui ula IÎ ; vLca 
Report 
Dominik and Pachlewski, 1955 
Dominik and Wojciechowska, 1961 
Pachlewski and Gagalska, 1953 
Shcherbakova, 1955 
Trappe, 1962 
Wo jciechowska, 1960 
Noack, 1889 
Becker, 1956 
Shvartsman and Leonova, 1955 
Sobotka, 1956 
Shvartsman and Leonova, 1955 
Noack, 1889 
Kreisel, 1957 
Peyronel, 1922a 
Peyronel, 1922b, 1922c 
Peyronel, 1922b, 1922c 
Petrescu, 1955 
Lepoutre, 1962 
Shvartsman and Leonova, 1955 
Sobotka, 1955 
Peyronel, 1922b, 1922c 
Shvartsman and Leonova, 1955 
Takacs, 1961 
Zerova, 1950b, 1955 
Sappa, 1940 
Sobotka, 1955 
Sobotka, 1955 
Trappe, 1962 
Henry, 1933 
Kautfman, 19C6 
Pennington, 1908 
Table 2. Continued 
Oak species Fungal species Report 
Q. sadleriana 
S* serrata 
Q. suber 
2* suber 
Q. suber 
2-
2* suber 
2* suber 
suber 
2* suber 
2* suber 
vaccinifolia 
velutina 
2- velutina 
Cenococcum graniforme 
Armillaria mellea 
Amanita caesaria 
Ao gilberti 
A. pautherina 
A, phalloïdes 
Boletus edulis 
Cenococcum graniforme 
Lactarius the.iogalus" 
Macrolepiota procera 
Russula rubra 
Cenococcum graniforme 
Boletus speciosus 
Tricholoma flavobr unneum 
Trappe, 1962 
Kusano, 1911 
Dos Santos, 1957 
Kraft, 1956 
Parrot, 1959 
Dos Santos, 1957 
Dos Santos, 1957 
Takacs, 1961 
Dos Santos, 1957 
Dos Santos, 1951a, 1957 
Dos Santos, 1957 
Dos Santos, 1957 
Dos Santos, 1957 
Trappe, 1962 
Pennington, 1908 
Panningcon, 1908 
2- virginiana Cenococcum graniforme Trappe, 1962 
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listed t)y Trappe (1962). 
A number of studies have been carried out that attempt 
to demonstrate the advantages of mycorrhizal relationships 
in oak and to find methods of achieving the desired associa­
tions. With one exception, the reports of these studies have 
been published within the past 15 years. The single exception 
appeared in 1939 and reported the influence of mycorrhizae 
upon the growth and condition of oak (Baranei, 1939). 
During the late 1940*8, the Russians became vitally in­
terested in the silviculture of oak as it was associated with 
their efforts to establish shelterbelts in the vast steppe 
areas of southern Russia (Lysenko, 1949). A number of problems 
were encountered in these efforts not the least of which was 
mycorrhizae (Vanin, 1949). Consequently a number of papers 
appeared in the Russian literature reporting studies on various 
aspects of oak mycorrhizae (Arkhipova, 1958; Geltser, 1951, 
1952; Klidshnik, 1951; Mikhovich, 1952; Mishustin, 1951; 
Mishustin and Pushkinskaya, 1961; Samtsevich, 1953; Shcherba-
kova, 1955; Shemakhanova, 1961; Shterenberg, 1949; Smirnova, 
1959; Tarabrin, 1957, 1961; Zerova and Efimova, 1953). Al­
though the species of oak is seldom given, Quereus robur L. is 
the common oak of Russia and probably is the subject tree in 
most of these studies. 
Similar but infrequent studies have been reported from 
other countries. The relationship of mycorrhizal association 
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to mineral nutrition in bur oak has been investigated in the 
United States (Doak, 1955). Eastern European countries have 
shown interest in mycorrhizae and oak establishment in recent 
years as reports of studies from Czechoslovakia (Sobotka, 
1962) and Rumania (Stanescu, al., 1960) attest. 
Occasionally the raycorrhizal association of oak has been 
incorporated into studies with primary objectives other than 
the study of the mycorrhizae as such. One such study (Cos-
tantin, 1924) reported the influence of the association of 
oak and three species of Tuber upon the formation of asco-
spores by the truffles. Another (Singer and Morello, I960) 
utilized the mycorrhizal association of oak in South America 
as an ecological unit. 
The occurrence of ectotrophic mycorrhizae upon white oak 
has been reported on five occasions (Buthie and Matthew, 
1908; Pennington, 1917; Henry, 1933, 1934; Doak, 1927). Only 
three species of fungi have been reported as mycorrhizal 
partners of white oak. On the basis of field observations 
Scleroderma vulgare Fr. (McDougall, 1914) and Russnla foetent-
ula Pk. (McDougall, 1916) have been reported to form mycor­
rhizae with white oak. Based upon the same evidence Cenococcum 
graniforme (Sow.)Ferd. and Winge has been reported as a mutual-
ist of white oak (Trappe, 1962). 
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MATERIALS AND METHODS 
The three methods for determining the fungal species in 
a mycorrhizal association (Laing, 1932), as discussed in the 
previous section, were the models for this study. The pro­
cedures in the experiments were designed especially to achieve 
results using the first two methods. The third method was 
routinely recorded as a part of the field observations. 
Site Characterization 
Six forest sites within the borders of the State of Iowa 
were chosen for this study (Figure 1). These sites had in 
common the white oak as the dominant or co-dominant tree 
species» They were selected to give a wide north-south and 
east-west range. The three western-most sites were situated 
near the western limits of the range of the white oak (Minck-
ler, 1957). The sites were characterized physically and 
botanically (Table 3). Simonson et (1952) was used to de­
termine the soil types. The litter cover of the forest floor 
was determined by carefully removing all of the litter in four, 
25 cm quadrats, drying the litter to constant weight at 115° C 
in a Cenco drying oven, and weighing it by means of a triple-
beam balance. The weight of the litter reflects the density 
cf the vegetation within each site. The ages and diameters 
of the white oaks were obtained from increment borings of 
Figure 1. Forest collection sites 
worth LYON tMMCT DiCKi N&ON 
IOWA hancock cuutotooùo PALO ALTO clay 
faycttc clayton 
PLYMOUTH POCAHOtlTA5 HUM&OtXT 
voooaury dAC 
taha 
MONONA CARROLL 
ecott 
porrtaw> rrtamic 
union HOMTCOKm 
Table 3. Characterization data for the six forest sites 
Site Specific 
no. location 
Soil 
type 
Slope 
aspect 
Litter Age (yrs)—DBH(cm) 
g/m^ of white oaks 
Boone County 
SW 1/4 Sec, 32; 
T 83N; R 26W 
Hancock County 
NE 1/4 Sec. 4; 
T 97N; R 23W 
Ames CW 
Association 
Storden-
Clarion-
Webster 
Allamakee County Fayette-
S 1/2 Sec. 36; Dubuque-
T 97N; R 4W Stony Land 
Iowa County 
N 1/2 Sec. 2; 
T SON; R 9W 
Lee County 
S 1/2 Sec. 33; 
T 68N; R 7W 
Lucas County 
NE 1/4 Sec. 33; 
T 72N; R 23W 
Fayette 
Lindley CL 
Association 
Lindley CL 
Association 
Less than 
5° E-NE 
10-15° 
S-SW 
Less than 
50 S-SE 
15-20° 
E-NE 
5-10° 
w-sw 
20-25° 
s-SE 
1804.4 
1629.6 
1282.8 
1579.0 
1192.4 
1494.8 
56. 
62-
70. 
79. 
36. 
80. 
105. 
54. 
100. 
6 6 -
74-
-29 
-31 
-33 
-33 
-25 
-42 
-43 
.24 
•36 
.38 
-30 
115r--49 
104 24 
112 —-24 
30---16 
31—19 
34 13 
Table 3. Continued 
Site no. Woody associates 
1- Acer nigrum Michx. 
Amelanchier arborea 
(Michx.) Fern. 
Carpinus caroliniana Walt. 
Carya ovata (Mill.) K.. Koch 
Quercus rubra L. 
Tilia americana L. 
Ulmus rubra Muhl. 
Xanthoxylutn americanum Mill. 
2. Prunus serotina Ehrh. 
Corylus americana Walt. 
3. Acer nigrum Michx. 
Carya ovata (Mill.) K. Koch 
Quercus rubra L. 
Quercus velutina Lam. 
Ulmus rubra Muhl. 
4. Carpinus caroliniana Walt. 
Other plant associates 
Desmodium glutinosum (Muhl.) Wood 
Galium "sp. 
Helianthus strumosis L. 
Lonicera sp. 
Parthenocissus quinquefolia (L.) 
Planch. 
Ribes cynosbati L. 
Sanguinaria canadensis L. 
Smilacina racemosa (L7) Desf. 
Amphicarpa bracteata (L.) Pern. 
Aralia nudicaulis l7 
Cryptotaenia canadensis (L.) DC. 
Desmodium glutinosum (Muhl.) Wood 
Galium aparine L. 
Geum canadense Jacq. 
Rubus"ôçcidentalis L. 
Vitis riparia Michx. 
Adiantum pedatum L. 
Caulophyllum thalictro:.des (L. ) Michx. 
Desmodium glutinosum (Muhl.) Wood 
Osmunda claytoniana L. 
Podophyllum peltatum L, 
Ribes cynosbati L. 
Sanguinaria canadensis L. 
Galium sp. 
Table 3. Continued 
Site no. Woody associates Other plant associates 
4.(Continued) 
Cornus sp. 
Prunus serotina Bhrh. 
Quercus rubra L. 
Tilia americana L. 
Ulmus rubra Muhl. 
Parthenocissus quinquefolia (L.) 
Planch. 
Polygonatum canaliculatum (Muhl.) 
Pursh. 
Rhus radicans L. 
Smilacina racemosa (L.) Desf. 
Smilax tamnoides hispida (Muhl.) 
Fern. 
5. Betula nigra L. 
Carya ovata (Mill.) K. Kock 
Prunus serotina Ehrh. 
Quercus rubra L. 
Ulmus americana L. 
Xanthoxylum americanum Mill. 
Carya ovata (Mill.) K.Kock 
Quercus macrocarpa Michx. 
Quercus rubra L. 
Ulmus americana L. 
Ulmus rubra Muhl. 
Parthenocissus quinquefolia ( L o )  
Planch. 
Rhus radicans L. 
Parthenocissus quinquefolia (L.) 
Planch. 
Rubus occidentalis L. 
Sanguinariit canadensis L. 
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representative trees. The plant associates were identified 
using Conard (1958). The lists of associates are by no means 
exhaustive and are intended only as aids to the characteriza­
tion of the sites. 
Fungal Collection and Isolation Attempts 
The sporocarps of fleshy fungi were collected in the 
sites during the growing seasons of 1962 and 1963. Only 
fruiting bodies of fungi that were not obviously lignicolous 
or cellulose-decomposing were collected. Pertinent information 
as to the conditions prevailing at the time of collection was 
recorded on specially prepared file cards (Figures 2 and 3). 
There were sufficient differences in the procedures used 
in 1962 and 1963 that the two years must be considered sepa­
rately. In 1962 the sites were visited at approximately three-
week intervals. Fungal sporocarps were collected, placed in 
a field ice chest, and brought to the laboratory. They were 
stored at 3® C until they were cultured. Storage time was 
usually no longer than one or two days. 
Four different media were used in attempting to isolate 
the fungi into pure culture. They were peptone dextrose agar, 
soil extract agar, malt agar, (Johnson et al., 1959) and 
Hagem's medium (Hacskaylo, 1961). Zak and Bryan (1963) sug­
gested the addition of 80 ppm of streptomycin to media to 
Figure 2. Information card for fungal collection 
side one 
Date : 
Site No._ 
Bxp. No/ 
Weather : 
Habitat: 
Odor : 
Habit : 
Distance from oak base: 
Pileus: 
Margin: 
Surface : 
Gills: 
Color (where fresh) 
Attachment : 
Size: 
Color (where fresh): 
(Mature): 
__spacing : 
Shape : 
(Older): 
Stem: 
Size (length): 
Texture ; 
(Width): 
Interior 
(Bruised): 
V ariations: 
Color : 
Surface : 
Flesh of Pileus: 
Volva: Veil: Annulus: 
Cystidia : Spores (size): (Print): 
Figure 3. Information card for fungal collection 
side two 
Genus : 
Species : 
^Culture info. 
Date (Sp): 
Outcome (Sp): 
^Subcultures (if any) 
Date (Sp): 
Media (Sp): 
Outcome (Sp): 
*Mycorrhizae attempts 
Date (Sp): 
Outcome (Sp): 
^Comments : 
B-carp dep 
(Tr): 
(Tr) : 
(Tr) : 
(Tr): 
(Tr): 
(Tr) : 
(Tr): 
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control bacterial contamination and the incorporation of 25 ppm 
of thiamine to malt agar and Hagem*s medium to stimulate fungal 
growth. Both suggestions were followed. Petri plates were 
poured with the above media and, upon solidification, were in­
oculated in one of two ways. One method was to aseptically re­
move a bit of tramai tissue from either the pileus or stipe of 
the sporocarp and place it on the surface of the agar medium. 
Two bits of trama were placed on each plate. The second method 
was to affix a portion of the pileus to the bottom of a prepara­
tion dish 100 mm in diameter by means of a bit of melted paraf­
fin. The pilei were affixed with the gills upward so that when 
the dish was inverted over a petri plate, the gills were directed 
downward. This situation was maintained for five minutes antici­
pating spore discharge onto the surface of the medium. Two plates 
of each medium were inoculated by each method, making a total of 
16 petri plates for each fungal specimen. Following inoculation 
the petri plates were placed in an incubator at 20° C. The fun­
gal specimens were identified, if possible, and the sporocarps 
preserved in a formaldehyde-acetic acid-alcohol solution. 
A number of significant changes were innovated in 1963. 
First, collections were made within a two to three day period 
following rain in the sites. As a result the sites were visited 
only about once each month during 1963. The other changes all 
concerned the materials and methods involved with the isolations. 
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During 1962 a number of specimens deteriorated before they 
could be brought to the laboratory and cultured despite the 
use of a field ice chest. Therefore a portable culture cham­
ber was fitted into the back of a station wagon so that the 
culture attempts could be made within minutes after the sporo-
carps were collected. This method necessitated taking media 
into field in ice chests. Petri plates were considered not 
feasible, so 3 oz prescription bottles with screw-type caps 
were utilized. Twenty ml of medium per bottle were solidified 
with bottles lying flat side down. Only tramai inoculum could 
be used with bottles, and two bottles of each medium were 
utilized per specimen. 
It was noted in 1962 that the soil extract agar did not 
contribute measurably to the isolations. It was deleted in 
1963 and a root extract medium was added. This medium was 
prepared using malt agar as described earlier except that 100 
ml of a root extract were added to 900 ml of the malt agar. 
The extract was prepared by placing 50 g of oak seedling roots 
in a liter of distilled water. They were autoclaved for 30 
min at 15 lbs pressure. The roots were macerated as thorough­
ly as possible with a mortar and pestle. They were again 
autoclaved for 30 min and the resulting mixture was filtered 
through nnmber 613 E and D filter paper. It was this filtered 
solution that was added to the malt agar. Though the methods 
were more laborious in the second season, the percentage of 
successes was not improved. 
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Acorn Collection and Storage 
Acorns were collected during the first two weeks of 
September in 1961, 1962, and 1963. Only fallen acorns were 
gathered from under white oaks found in Inis Grove Park, lo­
cated in the northeastern residential area of Ames, Iowa. 
Acorns of the white oak germinate soon after falling. 
As a result about 50 percent of the embryos had begun to grow 
to the extent that the radicle had ruptured the seed coat and 
a primary root, 1-3 cm in length, was visible. 
The acorns were brought' to the laboratory, placed in open 
trays on laboratory benches, and allowed to air dry. After 
drying they were layered with dry quartz sand in one-gallon 
glass jars. The lids were tightened snugly but an air-tight 
seal was not attempted nor intended. The jars of acorns were 
stored at a temperature of 3° C until used. 
Seedling Development 
The experiments were devised so that it was necessary to 
obtain white oak seedlings in an aseptic environment. Upon 
removal from the jars of sand, acorns were washed in tap 
water to remove adhering sand and dirt. The seed coat and 
exocarp were removed and the embryos were subjected to vigor­
ously running tap water for 12-16 hrs. The embryos were im­
mersed in 10 percent Chloroj^ (sodium hypochlorite) solution 
for 30 min. Following this treatment, the embryos were 
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transferred to a 50 percent ST-37® (hexylresorcinol) solution. 
After 30 min, the embryos were placed in germination bottles. 
The seedlings were developed in 6-inch French-square 
glass bottles (Figure 4). The bottles were prepared by shred­
ding paper toweling into each bottle, adding sufficient water 
to saturate the toweling, capping loosely, and autoclaving 
for 30 min at 15 lbs pressure. 
The embryos were transferred to germination bottles in 
a room especially prepared for aseptic work. Upon removal 
from the ST-3\^ solution, the embryos were dipped in sterile 
distilled water prior to being placed in the bottles. After 
the embryos had been transferred to the bottles, they were 
kept in total darkness or subjected to dim light until they 
were used in the culture tests. 
Tests for Mycorrhizal Potential 
An aseptic environment was required to observe the inter­
actions between a given fungus and a white oak seedling. Narrow 
mouth, one-gallon glass containers were used to fulfill this re­
quirement. Each container was prepared for use by placing a glass 
cylinder 10 cm long and 3.5 cm in diameter on end in the center 
of the container. The upper end of the glass cylinder was covered 
with aluminum foil and approximately nine cm of soil were placed 
around the cylinder. The ccntainer was jarred several times dur­
ing the filling process to settle the soil. For each test, the 
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soil and the fungus species to be tested were obtained from the 
same site. Over the surface of the soil a one cm layer of Terra 
Lite was spread. Into the mouth of each container was fitted a 
number 14 stopper. Two holes were bored through each stopper and 
glass tubes inserted. One tube, eight mm in diameter, was bent 
into the form of a gooseneck at the top and a cotton baffle in­
serted, This tube allowed some gas exchange between the container 
and the external atmosphere. The second tube, five mm in dia­
meter, had H 20 cm length of rubber tubing attached. The end of 
the rubber tube was closed by a small screw clamp. This tube was 
to allow for the introduction of sterile distilled water should 
it be necessary during the course of the experiments. When the 
entire ar^paratus was ready, it was placed in an autoclave and sub­
jected to live steam for one hour. The escape valves were then 
closed and the container was autoclaved at 15 lbs pressure for 
12-14 hrs. 
All procedures used in transplanting the seedlings to the 
soil chambers with the fungi were done in the culture room. The 
seedlings were as uniform in size and development as possible. 
In general, the root systems exceeded 10 cm in length while the 
shoots were usually less than eight cm in length. Each seedling 
was placed in the glass cylinder at the bottom of the culture jar. 
When a fungus was added, the mycelium and agar substrate were 
chopped into small pieces and the bits scattered among the seed­
ling root system. The glass cylinder was withdrawn and the soil 
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was filled among and about the roots of the seedling. Sterile 
distilled water was added in amounts sufficient to moisten the 
soil in the container. The lower portions of the containers 
from the soil level downward were wrapped with aluminum foil 
to prevent light inhibition of root growth (Figure 5). The 
culture jars containing the seedlings were placed in a Perci-
val model 6600 plant growth chamber. This chamber was set on 
a 14-hr day length photoperiod with a light intensity of about 
4,000 foot-candles. The temperature was set for 20 t 1° C 
during the light period and 15 t 1° C during the dark period. 
The containers were spaced 15 cm apart to allow each to receive 
a maximum of light and air circulation. 
The seedlings remained in this environment for a minimum of 
12 weeks. They were removed from the containers after the soil 
had been washed out with gently running water. The remains of 
the cotyledons were removed from the seedlings and fresh 
weights were obtained using a Metier model B electronic balance. 
The tops were discarded. A portion of the root system was pre­
served and examined microscopically at a later time for the 
presence of mycorrhizae. Another portion was used to inoculate 
agar plates in an attempt to isolate any fungi present. This 
procedure is described in the next section. 
A set of check seedlings and a set of control seedlings 
were prepared for each test that was performed. All procedures 
were the same except that the soil for the controls was not 
Figure 4. French-square bottles used for development of seed­
lings (Seedlings after six days) 
Figure 5. Culture jars used for testing potential mycorrhizal 
associations (Seedlings after eight weeks) 
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sterilized, and no fungi were added to either the checks or 
controls. 
A study was made of five checks and five controls placed 
in the growth chamber for 12 weeks to determine if mycorrhizae 
would develop in this time period under our conditions and to 
see if the checks would provide a valid basis of comparison. 
Examination of the controls revealed abundant mycorrhizal-like 
structures. No structures resembling mycorrhizae were found on 
the checks. The differences not only in the root systems but 
in the size and general appearance of the seedlings (Figure 6) 
were distinct. It was felt that 12 weeks would be sufficient 
time for mycorrhizae to develop in the tests and would provide 
sufficient information from which conclusions could be drawn. 
Fungal Isolations and Tests from Roots 
Attempts were made to isolate fungi directly from the 
roots of tree? growing in the sites and from the roots of seed­
lings grown in the culture containers in a plant growth cham­
ber. Roots taken from trees growing in the sites were packed 
in moist soil in glass quart jars. These were stored at 3® C 
until time of culturing. Seedling roots were wrapped in moist 
paper toweling and kept at 3° C until the cultures were prepared. 
Procedures just prior to and during culturing were the 
same for both sets of roots. The roots were suspended in 
vigorously running tap water for a period of four hrs. They 
were submerged in a 10 percent Cloro?^ solution for 10 min. 
Figure 6. Comparison of check seedlings (on left) and control 
seedlings (on right) after 12 weeks 
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and transferred to a 50 percent ST 37 solution for 30 min. 
Just before culturing, the roots were rinsed twice with sterile 
distilled water. 
Bits of mycorrhizae or mycorrhizal-like structures were 
placed upon the surface of agar plates. When roots without 
mycorrhizal-like structures were encountered, small secondary 
roots were utilized as the inoculum. Petri plates were used 
universally as the media containers for the isolation attempts 
from roots. The same media were used in these isolation attempts 
as were used for the attempted isolation from fungal sporophores 
except that soil extract agar was not used. Two implants were 
made upon each plate. After implantation, the plates were in­
cubated at 20° c. The cultures were examined in 4-6 weeks and 
were kept for 12 weeks before being discarded. 
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RESULTS 
Evaminatior cf White Oak Roots 
The roots of white oaks from the sites were examined ini­
tially to verify the presence of mycorrhizae. Three forms of 
mycorrhizae were distinguished. The most conspicuous form ap­
peared jet black under low power magnification. Visible were 
large, dark hyphae which radiated in all directions from the 
mycorrhiza. These hyphae appeared to arise from the surface of 
the mycorrhiza. The hyphae appeared to be nearly identical 
microscopically to the hyphae of Cenococcum graniforme (Sow.) 
Perd, and Winge (Figures 7 and 8). Microscopic examination of 
free-hand sections of these forms revealed a heavy pseudoparen-
chymatous mantle that appeared reddish brown in color with 
transmitted light. Not infrequently after sections were pre­
pared the presence of hyphae possessing clamp connections was 
noted (Figure 9). Such hyphae were not seen prior to section­
ing» In some instances these latter hyphae appeared to lie be­
tween the pseudoparenchymatous mantle of dark cells and the 
root tissue of the tree, but a more refined technique of section­
ing will be required to determine the actual position. 
The black mycorrhiza was found in varying degrees of fre­
quency. White oak roots from site one had about 50 percent of 
the mycorrhizae of the black type. It was only rarely seen on 
the root systems from site two, comprising less than 5 percent 
Figure 7. Hyphae radiating from a black mycorrhiza (240X) 
Figure 8. Hyphae of Cenococcum graniforme (240X) 
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Figure 9. Basidiomycetous hyphae in close association with 
a black mycorrhiza (Arrows indicate clamp con­
nections) (240X) 
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of the mycorrhizae. About 70 percent of the mycorrhizae at 
site three were of the black type, but only about 30 percent of 
the mycorrhizae were black in site four. In sites five and 
six about 20 percent of the mycorrhizae were of the black type. 
A second form of mycorrhiza appeared frequently among white 
oak root systems. Under low magnification this mycorrhiza ap­
peared light tan in color with a dense felted mantle. Radiating 
hyphae were not visible. Microscopically, free hand sections 
revealed a well developed mantle (Figure 10). Occasionally a 
hypha branched from the mantle. A peculiar, angled layer of 
cells was evident just under the mantle. Hood (1964) has sug­
gested that this is the hypertrophied epidermis of the root. 
This second type of mycorrhiza appeared in reciprocal frequency 
to the black form and the two comprise nearly all of the my­
corrhizae that were seen in white oak root systems. 
A third form was found on one occasion. Externally it ap­
peared very similar to the tan form except that it was lighter 
in color, and the mantle was less dense. Microscopically, the 
presence of setae arising from the mantle was evident (Figure 
11). The mantle and interior of the mycorrhiza were otherwise 
identical to the tan form. 
The frequency of mycorrhizae appeared to vary in only one 
instance. There appeared to be distinctly fewer mycorrhizae 
on the root systems of white oaks from^ site two than on the 
Figure 10. Light tan mycorrhiza from white oak (240X) 
Figure 11. Light tan mycorrhiza from white oak possessing 
setae (240X) 
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root systems of white oaks from the other five sites. 
The mycorrhizae from site six were frequently surrounded 
by a mass of violet colored mycelia. Microscopic examination 
of these mycelia revealed the presence of colorless hyphae with 
clamp connections. The pigment was found in granules in hyphae 
without clamp connections. No fungus with these characters was 
isolated from the mycorrhizae of this site. 
Fungal Isolations and Tests from Roots 
Ninty-six fungal isolations were attempted with mycor­
rhizae from the roots of white oak growing in the six sites. 
From these attempts two isolates were obtained possessing hyphal 
clamp connections. One of the isolates was lost early in the 
study through contamination. A stock culture of the other iso­
late was prepared, and stored. Latir it was utilized to obtain 
inoculum for a test with seedlings. After the culture jars had 
been prepared, but before the old stock and remaining agar plates 
had been discarded, Trichoderma koningi Oudemans was found 
fruiting in both the stock and the agar plates. The test was 
continued, and at termination there were indications that stimu­
lation of the treated seedlings had occurred. However, no my-
corrhizal structures could be found. Isolation attempts from 
the roots of these seedlings produced a fungus from two of the 
four seedlings that was neither the original isolate nor the 
contaminant. This non-fruiting fungus possessed white septate 
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hyphae without clamp connections. 
A second and more extensive test was set up in an attempt 
to determine if stimulation of growth had occurred, and if so, 
what organism had been responsible. Forty-eight culture jars 
were prepared. Twelve were checks, 12 were controls, 12 con­
tained the contaminant, and 12 contained the new isolate. Af­
ter 12 weeks, the average weight of the checks was 1.9 g; of 
the controls, 2.9 g; of the T. koningi treated seedlings, 2.1 g ; 
of the seedlings inoculated with the new isolate, 2,6 g. These 
weight differences are not statistically significant. However, 
the general appearance and vigor of the control seedlings and 
those treated with the unidentified isolate were much better 
than the seedlings in the other two lots. Mycorrhizae were ob­
served only in the control seedlings. 
Isolation attempts from the roots of the 48 seedlings pro­
duced unexpected results. The unidentified isolate was obtained 
in all 48 cultures from seedling roots that had been inoculated 
with it initially. This same isolate was obtained in 22 of the 
cultures from the roots of the controls and in 20 of the cul­
tures from roots of check seedlings. However, only three of 
the 48 cultures made from the roots of seedlings inoculated with 
T. koningi yielded the new isolate. 
The prevalence of the black mycorrhiza resembling forms 
produced by Cenococcum graniforme promoted the expectation of 
isolating this organism. An organism was obtained in culture 
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which macroscopically resembled C. graniforme very closely. 
However, microscopically it possessed hyphae that were much 
smaller and less deeply colored than hyphae of Ç. graniforme. 
The same was true when the hyphae of this isolate were compared 
with the hyphae that were seen radiating from the black mycor-
rhizae. This organism has not yet fruited, and studies of it 
are continuing. 
Fungal Collections 
The complete collections contained 136 specimens. Twenty-
four genera and 57 species were represented (Table 4). The 
species names were determined along with the authorities as 
they were recorded in the indicated identification keys that 
were used. In addition to this information, climatological 
data from the weather recording station located nearest to each 
site was determined (Table 5). As an indication of the temper­
ature and precipitation at site one, climatological data from 
the Boone reporting station located approximately seven miles 
north of the actual site was recorded. The nearest station to 
site 2 is the Mason City, FAA airport station, located about 15 
miles east-south-east of the site. Waukon has the recording 
station nearest to site three. It is located approximately 22 
miles west-northwest of the site. The Cedar Rapids, FAA airport 
station is nearest to site four. The distance is approximately 
11 miles northeast of this site. It is about 16 miles to the 
Table 4. Complete fungal sporocarp collections 
Organism Key? 
Site and year collected 
—3 r-
Amanita flavoconia Atk. K 
Amanita tlavorubescens K 
Atk. 
Amanita verna Fr. K 
Amanitopsis vaginata Pr. K 
Armillaria mellea Fr. K 
Cantharellus cibarius Fr. K 
Clitocybe infundibuliformis 
Clitocybe ochropurpurea 
Berk. 
Clitopilus orce11a Fr. 
Clitopilus subvili's Pk. 
Collybia spp. 
Collybia radicata Fr. 
Cortinarius sp. 
Cortinarius adustus Pk. 
vjO 
K 
K 
K 
K 
K 
.K 
8/28/63 
9/4/63 
8/28/63 7/22/62 
7/22/62 
7/22/63 
7/10/62 
7/6/62 
8/28/63 
9/4/63 
8/Ï0/63 
8/28/63 
9/4/63 
9/4/63 
8/15/62 
8/8/63 
9/30/62 9/30/62 
9/28/63 9/28/63 
8/8/63 
7/23/63 
8/15/62 
8/9/63 7/22/62 
9/30/62 
7/10/62 
8/8/62 
8/30/63 
7/21/62 
8/7/63 8/7/63 
*Code to keys used in fungus identification: 
CB - Coker and Beers, 1951 k - Kauffman, 1918 
GO - Gussow and Odell, 1927 M - Martin, 1941 
HS - Heeler and Smith, 1963 0 - Overholts, 1953 
SG - Smith, 1951 
SM - Smith, 1947 
SO - Seaver, 1942 
Table 4. Continued 
Organism Key* 
Site and year collected 
Cortinarius albidipes Pk. K 
Cortinarius deceptiyus 
Kauff. 
Cortinarius modestus Pk. 
Cortinarius praepallens Pk. 
Cortinarius uracaus Fr. 
Bntoloma rhodopolium Fr. 
Helvella crispa (Scop.) Fr. 
Hvdnum repandum L. 
Hyerophorus russula (Fr.) 
Hesler and smith 
Hygrophorus sordidus Pk. 
Hypholoma incertum Pk. 
Inocvbe asterospora Quel. 
Inocvbe eutheloides Pk. 
Inocybe geo^hylla Fr. 
Inocybe radiata Ac. 
Lactarius fuli'ginosus Fr. 
Lactarius hysginus Fr. 
Lactarius iuteolug Pk. 
Lactarius piperatus Fr. 
Lactarius trivialis Fr. 
Lactarius volemus Fr. 
Lycoperdon umbrinum Pers. SG 10/9/62 
K 
K 
K 
K 
K 
SO 
CB 
HS 
HS 
K 
K 
K 
K 
K 
K 
K 
K 
K 
K 
K 
9/4/63 
9/4/63 
6/15/62 
6/15/62 
8/28/63 
8/28/63 8/31/63 
6/5/62 
9/4/63 8/15/62 
9/21/63 
9/21/63 
9/30/62 
6/15/62 
7/6/62 
6/15/62 
9/4/63 
8/6/62 
7/9/63 
8/15/62 
8/31/63 
7/%2/62 
7/28/62 
6/1/62 
8/15/62 
7/22/62 
7/22/62 
8/7/63 
8/7/63 
7/10/62 
8/8/62 
10/14/62 
Table 4, Continued 
Organism Key* 
Mvcena sp. SM 
Mycena subcaerulea (Pk.) SM 
Sacc. 
Nolanea sp. K 
Paxina acetabulum (L.) SO 
Kuntze 
Peziza brunneoatra Desm. SO 
Peziza sylvestris (Boud.) SO 
Sacc. and Trott. 
PolvDorus radicatus Schw. 0 
Russula spp. K 
Russula aeruginea Lindb. K 
(non Pr.) 
Russula albidula Pk. K 
Russula amygdaioides Kauff. K 
Russula' aurantialutea Kauff. K 
Russula chamaeleontina Pr. K 
Russula crustosa Pk. K 
Russula foetentula Pk. K 
Russula fragilis Pr. K 
Russula' pecTina'toides Pk. K 
T 
Site and year collected 
^ 3 4 ^ 6 
6/y/%3 
6/1/62 
10/9/62 9/30/62 10/14/62 10/l4/62 
6/8/62 
6/15/62 
6/15/62 
8/30/63 
8/28/63 7/22/62 7/22/63 
8/15/62 
8/15/62 
VA%r s 
8/6/62 
7/22/62 
8/10/63 
9/21/63 
8/10/63 8/8/63 
8/10/63 
9/4/63 
7/21/62 7/10/62 6/20/62 
8/16/62 7/22/63 
8/10/63 
8/28/63 
8/7/63 
8/7/63 
Table 4, Continued 
Organism Key*" 
Site and year collected 
2 3 
Russula pulverulenta Pk. 
Russula' purpurina Q. and S. 
Russula rubescens Beards 
Russula sororia"?r. 
Russula sub^unctata Kauff, 
Russula unclalis l?k. 
Russula variata Bann. and Pk, 
Tremellodendron schweinitzii 
' (Pk.) Atk. 
Tricholoma sp. 
Tricholoma personaturn Fr. 
Tricholoma terreum Fr. 
Not identified 
K 7/23/63 
K 9/21/63 
K 
K 8/31/63 
K 6/5/62 7/9/63 S/lXs^  
7/6/62 8/31/63 
8/28/63 
9/4/63 
K 
7/21/62 
6/20/62 
9/30/62 
M 6/5/62 
K 
K 9/28/63 
K 9/28/63 
9/21/63 6/8/62 7/22/62 
6/5/62 7/22/62 
6/5/62 8/15/62 
6/15/62 8/15/62 
9/4/63 9/30/62 
9/21/63 
6/27/62 6/9/62 8/8/62 
8/7/63 6/1/62 6/20/62 
Table 5. Climatological data of collection sites 
Temperature Precipitation 
.. .. . ... . Total No. days precip. exceeded 
Month Av. Max. Av. Min. Av. precip. oVl" 0.5^^ — 
Site 1962 1963 1962 1963 1962 196319^2 1963 1962 1963 1962 1963 
June 
Site 
July 
Site 
Aug. 
Site 
Sept. 
Site 
1 81.3 88.1 57.1 57.5 69.2 72.8 3.48 1.80 4 3 3 1 
2 77.5 82.7 53.4 58.6 65.5 70.7 2.99 4.17 6 6 2 3 
3 74.5 81.1 56.6 57.5 65.6 69.3 2.96 1.16 6 3 2 1 
4 78.8 86.9 58.5 60.5 68.7 73.7 2.19 0.15 5 1 1 0 
5 82.6 88.4 60.5 64.6 71.6 76.5 2.38 0.26 5 1 2 0 
6 82.5 87.3 57.6 60.1 70.1 73.7 3.26 1.06 6 4 2 0 
1 84.0 88.1 59.6 58.6 71.8 73.4 3.91 4.62 7 10 2 3 
2 78.7 81.3 58.7 61.3 68.7 71.3 8.40 8.42 9 9 7 7 
3 75.4 81.7 58.8 61.5 67.1 71.6 5.39 4.54 9 7 2 4 
4 79.5 84.3 60.9 63.6 70.2 74.0 6.85 7.22 13 8 3 5 
5 84.6 87.9 64.2 65.7 74.4 76.8 5.16 6.30 9 7 3 4 
6 85.4 87.8 61.2 62.6 73.3 75.2 4.48 5.18 10 6 3 3 
1 86.1 83.2 58.0 54.3 72.1 68.8 1.96 4.73 6 5 1 2 
2 80.5 80.0 57.9 59.2 69.2 69.6 6.40 3.29 9 6 2 3 
3 77.9 78.5 58.2 58.4 68.1 68.5 5.48 2.17 7 5 3 2 
4 82.5 79.1 61.4 59.3 72.0 69.2 2.08 2.56 4 6 1 3 
5 86.3 83.7 62.7 62.7 74.5 73.2 2.45 4.21 5 8 3 3 
6 86.8 84.8 59.2 60.0 73.0 72.4 5.45 2.63 6 6 4 2 
1 73.9 78.1 45.3 48.1 59.6 63.1 2.13 2.29 6 6 1 1 
2 68.8 75.9 46.6 51.4 57.7 63.7 2.31 0.90 6 2 2 1 
3 66.1 71.9 47.4 52.2 56.8 62.1 2.01 2.49 5 4 0 2 
4 73.0 75.5 51.3 53.2 62.2 64.4 1.92 2,41 5 5 1 1 
Table 5. Continued 
Temperature 
Month Av. 
Site 3363" 
Max. 
HTôT-
Av. 
1963" 
Min. Av. 
-mrrm 
Total 
precip. 
1V62 5T 
Precipitation 
No. days precip. 
T962 1^ 6^  1962 
Sept. (Continued) 
Site 5 76.4 79.4 51.3 55.6 63.9 67.5 3.35 2.18 5 
6 75.7 79.1 47.2 53.3 61.5 66.2 2.51 2.74 5 
exceeded 
"0737? 
1963 
5 
5 
3 
2 
1 
3 
Oct. 
Site 1 65.7 76.8 41.5 43.8 53.6 60.3 2.83 0.62 7 3 3 0 
2 63.8 74.3 42.4 46.4 53.1 60.4 1.56 1.25 3 4 1 1 
3 59.1 71.2 42.0 49.5 50.6 60,4 2.44 0.47 6 1 1 0 
4 65.2 75.6 45.5 49.5 55.4 62,6 2.77 0.62 7 2 1 0 
5 67.8 80.0 47.8 52.4 57.8 66.2 5.18 1.28 8 4 4 1 
6 68.2 80.5 44.4 49.3 56.3 64.9 5.99 0.18 7 3 4 0 
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nearest weather station from site five. That station is lo­
cated west-north-west at Keosauqua. Data from the weather 
station at Chariton located about 10 miles east-northeast of 
site six were used as an aid in characterizing this site. 
Fungal Isolations and Tests from Sporophores 
Attempts were made to obtain in pure culture 125 of the 
136 fungal sporophore specimens collected. Bits of the tramai 
tissue from the sporocarps were used in these isolation at­
tempts. Prom 57 of the specimens, cultures were attempted us­
ing spores as the source of inoculum. 
Nine fungi have been isolated in pure culture. Cortina-
rius deceptivus and Russula amygdaloides were cultured from 
spores while Armillaria mellea, Clitocvbe ochropurpurea (Figure 
12), Collybia sp. (Figure 13), Collybia radicata, Polyporus 
radicatus (Figure 14), Tremellodendron schweinitzii (Figure 15), 
and Tricholoma personatum, were cultured from trama. 
Seven of the nine fungi in culture have been tested with 
seedlings of Quercus alba. Clitocybe ochropurpurea has not 
been tested because it grows very slowly and not enough inocu­
lum has been obtained to make an adequate test, Armillaria 
mellea is being utilized in other experiments and its mycor-
rhizal status will be determined eventually. 
The results of these tests indicate that three of the fungi 
Figure 12. Basidiocarp of Clitocybe ochropurpurea 
Figure 13. Basidiocarp of Collybia sp. 

Figure 14. Basidiocarp of Polyporus radicatus 
Figure 15- Basidiocarps of Tremellodendron schweinitzii 
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are potentially mycorrhizal. Three of the four seedlings 
tested with Tricholoma personatum had mycorrhizal-like struc­
tures in their root systems. Two of each four seedlings tested 
with Cortinarius deceptivus and Russula amygdaloides possessed 
mycorrhizal-like structures in their root systems. These struc­
tures were shortened, thickened, frequently dichotomously branch­
ed, lateral rootlets* In these tests a complete hyphal mantle 
was not formed nor was cortical invasion of the rootlets ob­
served. 
A basidomycetous fungus presumed to be R. amygdaloides 
was found in close association with the roots of seedlings in-
noculated with this organism (Figure 16). It was identified by 
the presence of clamp connections on the hyphae. An isolate 
was obtained in cultures from the roots of the test seedlings 
which appeared identical to the original culture of R. amygda­
loides (Figure 17). 
The seedlings inoculated with R. amygdaloides appeared to 
have been stimulated as the average weight of the four treated 
seedlings was 3.26 g while the check seedlings averaged only 
1.56 g. The difference was short of significance so a second 
test of five treated seedlings and five check seedlings was 
prepared. After three months the average weight of the treated 
seedlings was 2.54 g while the check seedlings averaged 1.18 g. 
This difference in weight was significant at the 95 percent 
level. However mycorrhizal-like structures occurred sparingly 
Figure 16. Basidiomycetous fungus in close association with 
a white oak seedling rootlet (Note three hyphal 
clamp connections and swollen condition of the 
rootlet) (240X) 
Figure 17. Culture of Russula amygdaloides after four weeks 
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on only two of the inoculated seedlings and not at all on the 
remaining three. Hyphae possessing clamp connections were 
found in close association with the root systems of all five 
seedlings. The root systems of the check seedlings possessed 
many short blunt side roots which upon microscopic examination 
appeared to be growth anomalies. 
Hyphae possessing clamp connections were observed among 
the mycorrhizal-like rootlets of seedlings inoculated with 
Tricholoma personatum. These hyphae appeared to be involved 
with partial hyphal mantles that seemed to be forming around a 
number of the rootlets. Heavy vegetative growth of a fungus 
was observed on the surface of the Terra Lite^ in the culture 
jars prior to removal of the seedlings. This growth appeared 
identical to the growth in the original cultures of T. persona­
tum. The average weight of the test seedlings was 2.96 g. The 
average weight of the check seedlings was 1.18 g. The differ­
ence in weight was significant at the 95 percent level. Attempts 
have not yet been made to recover T. personatum from the roots 
of the test seedlings. 
Cortinarius deceptivu s did not appear to have stimulated 
the seedlings inoculated with it nor could it be re-isolated 
from the roots of these seedlings. The checks and controls for 
the tests of both of these fungal species provided the expected 
standards of comparison. 
The other four fungi were each tested with four seedlings. 
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None of these seedlings possessed mycorrhizal-like structures, 
and there were no indications of mutualism in these attempted 
associations. Checks and controls were provided for each of 
these five tests and yielded the expected results in each case. 
Culture attempts from the seedling roots were all negative. 
As a matter of routine when a sporocarp was discovered in 
an oak site, care was taken in removing the fruiting body from 
the soil so that hyphal connections between the fruiting body 
and a mycorrhiza could be observed. If such connections were 
found, the tree species to which the mycorrhiza belonged was 
determined. The determination of the mycorrhizal status of 
those forms not obtained in pure culture and tested with seed­
lings is based therefore upon (1) the field observations; (2) 
whether or not they have been reported pre iously as mycorrhizal 
partners of Quercus alba, other Quercus spp., or any tree species 
and (3) whether or not they belong to a genus with species known 
to form mycorrhizae. Using these guidelines, eight divisions 
were established. 
A single species, Russula foetentula (Figures 18 and 19), 
has been reported to be a mycorrhizal partner of alba and 
was included in these collections. Hyphal connections were 
noted as occurring between the basidiocarp and the mycorrhiza 
of a white oak. The association of these two organisms as pre­
viously reported is supported by this study. 
Figure 18. Basidiocarp of Russula foetentula 
Figure 19. Surface view of the pileus of Russula foetentula 
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A number of species have been reported as mycorrhizal as­
sociates of Quercus spp. other than Quercus alba. Strong sup­
port as mutualists of white oak is given to these forms when 
field observations of the collections favored such an associa­
tion (Table 6). 
Table 6. Probable mycorrhizal species from the collections 
that have been reported as mycorrhizal with Quercus 
spp. other than white oak 
Armillaria mellea Lactarius piperatus 
Hygrophorus russula (Figure 20) TFiguxe^zTJ 
Inocybe geophylla Lactarius volémus 
Russula sororia 
Some species that have been reported as mycorrhizal with 
other tree species (Table 7) must also be considered as prob­
able mycorrhizal partners of white oak when the evidence from 
field observations so indicates. 
Table 7. Probable mycorrhizal species from the collections 
that have been reported as mycorrhizal with tree 
species other than oak 
Amanita flavorubescens Russula aeruginea (Figure 22) 
Amanita verna Trichol'oma terreum 
Inocybe asterospora 
Figure 20. Basidiocarps of Hygrophorus russula 
Figure 21. Basidiocarp of Lactarius piperatus 
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Field findings indicated that a number of species not pre­
viously reported as mycorrhizal partners of any tree species 
(Table 8) could possibly be mycorrhizal mutualists of white 
oak. 
Table 8. Possible mycorrhizal species from the collections 
that have not previously been reported as mycorrhizal 
with tree species 
Amanita flavoconia 
Clitocybe infundibuliformis 
Clitocybe ochropurpurea 
Clitopilus orcella 
Clitopilus subvilis 
Cortinarius adustus 
Cortinarius albidipes (Figure 23) 
Cortinarius praepallens 
Entoloma rhodopolium (Figure 24) 
Hygrophorus sordidus (Figure 25) 
Inocybe eutheloides 
Inocybe radiata 
Lactarius hysgTnus 
Nolanea sp. 
Russula albidula 
Russula' aurantiaTutea 
Russula chamaeleontina 
Russula crustosa 
Russula pectinatoides 
Russula pulverulenta 
Russula purpurina 
Russula" rubescens 
Russula sub^unctata 
Russula uncialis 
Russula variata 
Field observations do not support the supposition that 
some of the species previously reported as mycorrhizal with oak 
species (Table 9) are mutualists of white oak. 
Table 9. Improbable mycorrhizal species from the collections 
that have been previously reported as mycorrhizal 
with Quercus spp. exclusive of Quercus alba 
Amanitopsis va^inata Lactarius fuliginosus (Figure 26) 
Cantharellus cibarius Russula fragilis 
Helvella crispa 
Figure 22. Basidiocarps of Russula aeruginea 
Figure 23. Basidiocarps of Cortinarius albidipes in a 
developmental series 
83 
F P K  
Figure 24. Basidiocarps of Entoloma rhodopolium 
Figure 25. Basidiocarps of Hygrophorus sordidus 

Figure 26. basidiocarps of Lactarius fuliginosus 
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Hydnum repandum has been reported as a mycorrhizal asso­
ciate of forest trees other than oak. This collection of the 
species did not appear to be connected to the mycorrhiza of a 
white oak. 
A number of species from these collections that have not 
been previously reported as mycorrhizal with tree species 
(Table 10) were not found in close association with white oak 
mycorrhizae. There is no concrete evidence to suppose that 
they are mycorrhizal associates of white oak. 
Table 10. Improbable mycorrhizal species in the collections 
that have not been previously reported as mycor­
rhizal partners of tree species 
Cortinarius modestus 
Cortinarius uraceus 
Hypholoma incertum 
Lactarius luteolus 
Lactarius trivialis 
Lycoperdon umbrinum 
Mycena subcaerulea 
Paxina acetabulum 
Peziza sylvestris 
Peziza brunneoatra 
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DISCUSSION 
The presence of three distinctive forms of mycorrhizae in 
the root systems of white oaks is to be expected considering 
the number and diversity of fungi shown to form mycorrhizae 
with members of the genus Quercus. It is, in fact, unexpected 
that only three forms are readily distinctive though a more 
critical method of differentiation might well have produced 
additional forms. 
The dark fungus producing black mycorrhizae, while closely 
resembling Cenococcum graniforme, cannot be so called as it was 
not isolated in this study. The hyphae of this dark fungus was 
compared with hyphae from a known culture of Ç. graniforme 
originally isolated from pine mycorrhizae in Georgia by Zak. 
While the principle differences lie in the appearance of the 
hyphae, these differences may fall well within the bounds of 
species variation. However, the dark isolate that was obtained 
in culture from a white oak mycorrhiza bears no resemblance 
microscopically to either of the two forms just discussed. It 
is not believed to be C. graniforme but simply a contaminant» 
The two light colored mycorrhizal forms provide no clues 
as to the identification of the fungal component. Clamp connec­
tions were not observed though this would not rule out Basidio-
mycetes since the compaction of the hyphae in the mantle would 
tend to obliterate clamp connections if they were present. It 
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is not clear if these two forms actually do represent two dis­
tinct types. They appeared alike except for the presence of 
setae in one form. The setae appeared quite fragile and could 
not be expected to remain in their observed state for a very 
long period. The same form may have been viewed but in differ­
ent stages of development—the form with setae being young, the 
form without setae being older. 
The presence of fewer mycorrhizae on white oak in site two 
is not surprising. The top soil of this site is rich and deep 
in sharp contrast to the relatively thin topsoil of the other 
five sites. This observation fits nicely with the many previous 
reports that the frequency of mycorrhizae varies inversely with 
the nutritional concentration of the substrate. 
The low percentage of success in isolating Basidiomycetes 
from both roots and sporophores, while disappointing, is under­
standable. The percentage of contamination was very high. Ap­
proximately 75 percent of the cultures became contaminated ir= 
regardless of whether the inoculum was mycorrhizae or bits of 
trama from fungal sporocarps. It was extremely difficult to 
surface sterilize the mycorrhizae, especially those forms with 
much fungal hyphae about them. The soil particles adhered most 
tenaciously and agitated water simply did not dislodge them. 
Beyond this difficulty there was the problem of using a surface 
sterilizing chemical. No one chemical seems fully satisfactory. 
Some of the more toxic ones are thorough, but the margin for 
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error is narrow, and the mycorrhizal fungi may be destroyed. 
Contamination of cultures from sporophores usually re­
sulted from the presence of the contaminant on the fruiting 
body when it was collected. The sporocarps became infested 
very early, sometimes before emergence, with surface feeding in­
sects and burrowing larvae of other insects. These insects ap­
peared to transport bacteria and other fungi. These micro­
organisms when transferred to agar plates with tramai inoculum 
rapidly overgrew the Basidiomycetes. Mycorrhizal fungi are 
usually slow growers and are rarely detectable after a plate 
has become contaminated. 
Relatively little is known about the nutritional require­
ments of mycorrhizal fungi except that root metabolites apparent­
ly are of paramount importance to their vegetative and possibly 
reproductive growth (Melin and Das, 1954; Melin, 1959). In 
about 80 percent of the uncontaminated cultures the inoculum 
simply did not grow. It is felt that this represents a lack 
of some essential nutrient, quite possibly a root metabolite. 
The answer to this problem may lie in the use of a more natural 
medium. It may be possible to achieve this by inoculating cul­
tures of excised roots or by incorporating root exudates into 
artificial media. 
Two baffling questions arise in relation to the white iso­
late that was obtained during the test of the basidiomycetous 
92 
isolate from site four. Both questions involve source, the 
source of the white isolate and the source of the contaminant 
in the stock culture. 
The white isolate appears to be a survivor of the soil 
sterilization procedure. It appeared, apparently by chance, 
in one petri plate culture from each of two test seedlings in 
the original test. It was not found in the culture plates 
from the check or control seedlings. That it appears frequent­
ly from the checks and controls in the second test can prob­
ably be explained. The soil for the initial test was obtained 
from site four during July. The soil for the second test was 
procured during December. This would indicate that a resistant 
progagative unit had been produced which was able to survive 
the autoclaving to which the soil was subjected. The absence 
of the white isolate in the roots of seedlings inoculated with 
the stock contaminant seems to present a clearcut case of 
biological antagonism. 
The source of the stock contaminant is a deeper mystery. 
It could have been an air contaminant though its nature and ac­
tions do not substantiate this supposition. It may have been 
carried in the vegetative state with the basidiomycetous iso­
late since it does not fruit rapidly. This seems likely as it 
would explain the low occurrence of the white isolate in the 
roots of the control seedlings grown in soil obtained in the 
summer. The population concentration of Trichoderma koningi 
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would undoubtedly be low in the winter. This would account 
for the rise in the occurrence of the white isolate in the 
roots of control seedlings in the second test. T. koningi 
apparently does not form a close association with white oak 
roots for it was not isolated from the roots of seedlings that 
were inoculated with it initially. Either the method of sur­
face sterilization was effective for this organism, or it did 
not survive in the rhizosphere for a 12-week period. 
Though the degree of stimulation, if it existed, was not 
statistically significant, other indications were present which 
strengthened the belief that differences did exist. The gener­
al appearance and vigor of the control seedlings and those in­
oculated with the white isolate seemed far better than the other 
two lots. Thus, should these same trends be noted in future 
tests, a longer test period might produce significant growth 
differences. Also, the period of time that a seedling can draw 
upon the stored food in the cotyledons for its growth is ques­
tionable. If this period is lengthy, one could not expect to 
see growth differences early in a test such as this. 
The key to a successful test of a possible mycorrhizal as­
sociation undoubtedly lies in providing an environment for the 
fungus and seedling which duplicates natural conditions. Thus 
far, this has been an impossible task. This study has attempted 
to achieve as nearly natural conditions as possible. The ma­
terials and methods still leave much to be desired. A method 
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of constant gas exchange around the seedling top should be 
devised. Drrinige from the container must be facilitated. As­
sociated with these two problems is the constant danger of con­
tamination. Should these problems be resolved, a researcher 
must then be aware that a fungus without competition from other 
microorganisms will act much differently than it does in nature 
where it is subjected to the existing checks and balances. The 
method used, at best, detected potential mycorrhizal fungi. 
The results of the pure culture tests indicated that 
Tricholoma personatum, Russula amygdaloides, and Cortinarius 
deceptivus are potential mycorrhiza-forming fungi with white 
oak. Though typical mycorrhizae were not formed, the morphology 
of the roots indicated that they ultimately would have been. 
The absence of complete mantles would not rule out the possible 
effects of the fungi upon the seedling roots. It has been shown 
that roots will respond to the influences of a fungus even when 
physical contact is not attained (Slankis,1948). 
The evidence that Tricholoma personatum is a mutualistic 
partner of white oak is strong. It appeared to survive in the 
culture jars and apparently was intimately associated with the 
seedling roots. Mantles, though incomplete, did appear to be 
forming around the rootlets. Though not yet recovered from the 
roots of the test seedlings, the observation of hyphae with clamp 
connections among the roots lend reason to expect that it ulti­
mately will be recovered. Stimulation of seedling growth did 
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occur. These evidences plus the previous report of T« persona-
turn as a mycorrhizal partner of Quercus spp. (Zerova, 1956b) 
make this organism a positive mutualist of Quercus alba. 
R«- amygdaloides was isolated from the roots of test seed­
lings and in a second test did stimulate the growth of the 
test seedlings. The lack of mycorrhizal-like structures on the 
roots of the second set of test seedlings may have been due to 
their overall poorer growth rates which would have made them 
less responsive. It was generally noted that the longer the 
acorns remained in storage before use, the poorer was the per­
formance of the seedlings. 
C. deceptivus was not recovered from the roots of the test 
seedlings and did not appear to stimulate the growth of the 
test seedlings. It did appear to influence the morphology of 
the root systems of the test seedlings as evidenced by the 
presence of mycorrhizal-like structures. 
There was no evidence in the results of the pure culture 
tests to support a belief that the Collybia sp., Collybia 
radicata, Polyporus radicatus, or Tremellodendron schweinitzii 
are potential mycorrhizal partners of white oak. They cannot 
be ruled out completely however as other more effective teot 
methods might prove them to be potential mutualists. 
The criteria used in determining the mycorrhizal status 
of fungal species not isolated and tested was described in a 
previous section. The fungal species that are considered prob­
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able rautualists of white oak all meet the prescribed standards 
except Nolanea sp. However, the collection of this genus at 
four of the sites and the close association of the basidiocarps 
to white oak roots provide sufficiently strong information to 
place this genus in the possible category. 
Armillaria mellea presents a special situation. It re­
portedly forms endotrophic mycorrhizae with the Japanese orchid 
(Kusano, 1911) and other orchid species. It is also known as a 
destructive parasite, A. mellea in Iowa is very common around 
oaks including white oak, but its relationship to oak in these 
situations is unknown. Hyphae and rhizomorphs from the basidi­
ocarps of A. mellea were observed in association with mycor-
rhizal structures on white oaks. There is no alternative ex­
cept to include it as a possible mycorrhizal partner of white 
oak. 
The failure to observe hyphal connections between a basidi-
ocarp and white oak roots does not rule out the fungal species 
involved as a potential mutualist. Such connections are fre­
quently difficult to observe and may traverse some distance. 
Thus, even though connections may have been present, they could 
have easily been overlooked. 
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CONCLUSIONS 
Microscopic examination of white oak roots revealed the 
presence of three morphologically distinct forms of ectotrophic 
mycorrhizae. A black form possessed dark radiating hyphae 
that closely resembled the hyphae of Cenococcum graniforme. 
Occasionally hyphae with clamp connections were observed in 
close association with the dark form but only after free-hand 
sections of the black form had been prepared. The two light 
forms may represent two distinct mycorrhizal types, or they 
may be two different stages of the same type. 
An unidentified white isolate was obtained by accident 
from the soil of site four that survives the soil steriliza­
tion procedures. Though it does not produce mycorrhizae on 
white oak seedlings, it does appear to be of some advantage to 
the growth and survival of the seedlings. The growth and sur­
vival of the white isolate is inhibited by Trichoderma koningi. 
One hundred and thirty-six fungal sporocarps were collect­
ed in six white oak forest sites during the growing seasons of 
1962 and 1963. Twenty-four genera and 57 species were repre­
sented in the collections. 
Nine fungi were isolated in pure culture. The mycorrhizal 
potential of seven of these fungi was tested with white oak 
seedlings. On the basis of these tests, Tricholoma personatum, 
Russula amygdaloides, and Cortinarius deceptivus appeared to be 
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potential mutualists of Quercus alba. There was no evidence 
from the tests to indicate that Collybia sp., Collybia radicata, 
PolYPorus radicatus, or Tremellodendron schweinitzii were my-
corrhizal partners of white oak. 
The inycorrhizâl status of the remaining fungal species 
was determined on the basis of field observations, whether or 
not the species had been reported previously as mycorrhizal-
forming, and whether it belonged to a genus with species known 
to form mycorrhizae. Eight status groups were established. 
Russula foetentula has been reported to be a mycorrhizal 
partner of Q. alba. The report is supported by this study. 
Six species previously reported to be mycorrhizal with 
Quercus spp. other than alba are supported in this study as 
probable white oak mutualists. 
Five species from the collections have been reported as 
mycorrhizal partners of trees other than oak. The evidence 
from field observations in this study indicates that they are 
probable mutualists of white oak. 
Twenty-five species from the collections that have not 
been previously reported as mycorrhizal must be considered as 
possible white oak mutualists on the basis of the information 
from this study. 
This study does not support five species as mycorrhizal 
partners of white oak even though they have been reported as 
possible mutualists of other oaks. 
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Hydnum repandutn has been reported as mycorrhizal with for­
est trees other than oak. This study does not implicate it as 
being associated with white oak. 
Ten species in the collections that have not been previous­
ly reported as mutualists of forest trees are considered im­
probable as mycorrhizal partners of white oak. 
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